It is appropriate to consider schizophrenia a neurodevelopmental disorder with its pathogenesis going back to gestation and early childhood. Schizophrenia is a rare disease and large cohorts are needed to study its etiology. The aim of this paper is to review the results of recent Swedish record-linkage studies with a focus on: (i) measures of fetal and childhood growth in relation to schizophrenia in adulthood and (ii) paternal age in relation to schizophrenia. A record-linkage was created between national registers, including the Medical Birth Register, the Military Service Conscription Register, and the Inpatient Hospital Discharge Register. More than 700 000 subjects born between 1973 and 1980 were followed in these registers from birth to 31 December 2001/2002. The results showed no evidence of an association between birth weight and schizophrenia. An association of birth length with schizophrenia was observed, with short babies showing the highest risk. Short stature and low BMI in young adulthood were associated with increased risk. Short babies who became tall, or developed high BMI as adults, were not at increased risk. In fully adjusted analyses, the risk of schizophrenia was 4.62 (95% confidence interval : 2.28; 9.36) times higher in subjects whose fathers were R50 years old and at time of conception than in subjects whose fathers were 21-24 years old. Growth and development in fetal life and childhood are influencing the risk of schizophrenia in adulthood, but the underlying causal pathways are still unknown. De novo mutations in the germ cells of older fathers may play a causal role in the etiology of some cases of schizophrenia.
Introduction
Schizophrenia is an etiologically heterogeneous disease, which usually becomes manifest in adolescence or early adulthood with onset of psychotic symptoms. Common psychotic symptoms are auditory hallucinations and delusions; other more unspecific symptoms include social withdrawal, flattened affect, poor motivation, and depressed mood. It is appropriate to consider schizophrenia a neurodevelopmental disorder with its pathogenesis going back to gestation and early childhood (1) . The etiology of schizophrenia is not well understood, although genetic, as well as environmental, factors are important (2) . The inheritance seems to be polygenetic, but several studies have recently indicated that de novo mutations in paternal germ cells may also be important, especially in cases of schizophrenia lacking a family history (3) .
Adverse events during pregnancy and delivery (infections, nutritional deficiency, maternal bleeding, pre-eclampsia, gestational diabetes, rhesus incompatibility, and psychosocial stress) play a role, perhaps by increasing susceptibility to genetic or environmental factor later during the life course (4) . Impaired fetal growth, as indexed by low birth weight and birth length for gestational age, comprises putative risk factors for schizophrenia (5) , but as reported later the evidence is far from conclusive. Infections during pregnancy, such as influenza (6) , rubella, toxoplasmosis, and herpes simplex type-2 are putative risk factors for schizophrenia along with severe maternal undernutrition during pregnancy (1) . Studies on women who conceived their offspring or were in early pregnancy at the time of the Dutch famine in the winter of 1944-1945 indicated that severe maternal undernutrition increases the risk of schizophrenia in the offspring (7) . Similar results were reported in a study examining the effects of the Chinese famine in 1959-1961 (8) . However, severe psychosocial stress during pregnancy is a recognized risk factor, which must also be present under such extreme conditions as famine. Interestingly, a small study, including schizophrenic patients and healthy control (comparison) subjects This paper was presented at the 4th Ferring Pharmaceuticals International Paediatric Endocrinology Symposium, Paris (2006) . Ferring Pharmaceuticals has supported the publication of these proceedings.
either exposed or not exposed during the first trimester of fetal life to the Dutch Hunger Winter were examined in adulthood by magnetic resonance imaging. The results indicated that factors affecting brain growth during the first trimester of gestation may be risk factors for the development of schizophrenia later in life (9) .
Delayed motor and speech development in early childhood, urban place of living (10) , and cannabis abuse in late childhood are also the risk factors for schizophrenia (1) . Poor school performance and poor results in intelligence tests may also be the risk factors or perhaps more likely prodromal symptoms of schizophrenia becoming manifest later in life (11) . As described in greater details later, low body mass index (BMI) (12, 13) and short stature in adolescence (13) have recently been recognized as risk factors for schizophrenia.
This short paper focuses on: (i) measures of fetal and childhood growth in relation to schizophrenia in adulthood and (ii) paternal age in relation to schizophrenia. It will summarize results from recent research conducted on large birth cohorts from Sweden (3, 10, 11, (13) (14) (15) and briefly relate the findings to most recent knowledge from the literature.
Materials and methods

Study populations
The associations of fetal and childhood growth and body size in young adulthood with the risk of schizophrenia were studied in a Swedish cohort (study) including 719 476 singleton males and females, born in Sweden between 1973 and 1980 (13) . These study subjects were alive and resident in Sweden at the age of 16 years. Subjects who had been admitted to hospital for any type of psychosis prior to the age of 16 years were excluded.
Associations of paternal age with risk of schizophrenia were also studied in subjects born in Sweden during [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] . Subjects who had died, emigrated, or had received inpatient hospital care for any type of psychosis before the age of 16 years were excluded. Information about paternal age, maternal age, and parity was obtained from the Multi-Generation Register (see below) and 754 330 subjects had complete data on all variables used (3).
Information sources
The Swedish studies summarized and reviewed are based on record-linkages of several national registers: the Medical Birth Register, Military Service Conscription Register, the Hospital Inpatient Discharge Register, the Multi-Generation Register, and the Population and Housing Censuses.
The Medical Birth Register is a national register including more than 99% of all births in Sweden since 1973 (16) . This information source includes data on place and season of birth, birth weight, birth length, gestational age, head circumference, Apgar score, International Classification of Diseases (ICD)-diagnoses of maternal diseases and complications during pregnancy or delivery (pre-eclampsia and maternal hypertension, ante-partum hemorrhage, operative (Cesarean) delivery, prolonged labor, and maternal diabetes), and ICDdiagnoses of diseases in the newborn baby.
In the past (and during the study period), all men in Sweden were required by law to undergo a military service conscription examination at the age of 18 years unless they suffered from a severe chronic medical condition or handicap that had to be verified by a medical certificate. About 90% of all Swedish men are included in the Military Service Conscription Register. Height and weight are measured at conscription at the age of 18 years and BMI is calculated, and according to it subjects are defined as underweight (!18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-30.0 kg/m 2 ), or obese (O30.0 kg/m 2 ). Diagnoses of schizophrenia among inpatient cohort members were retrieved from the Hospital Inpatient Discharge Register. Hospital admissions for schizophrenia were coded using the ICD versions 9 and 10. ICD-9 codes 295, 297-299 and ICD-10 codes F20-F29. Included in analyses are cases of schizophrenia diagnosed after the age of 16 years. Analyses using anthropometric data from conscription include cases of schizophrenia (males only) diagnosed at or after (but not before) conscription examination.
Information on age of biological parents was extracted from the Multi-Generation Register and data on parental income, highest socioeconomic index of either parent, and highest educational level of either parent was obtained from the Population and Housing Censuses as described elsewhere (3, 13) .
Statistical analyses
Cox proportional hazards model was used to study the associations between anthropometric measures, paternal age, and risk of schizophrenia. The analyses were adjusted for year of birth, gender, socioeconomic position of parents, and other potential confounders as described later. Start of follow-up was time of birth in analyses of association of size at birth with risk of schizophrenia in young adulthood. In analyses of adult anthropometry only, start of follow-up was date of conscription. In all analyses, study subjects were followed-up to date of diagnosis of schizophrenia, date of emigration, date of death or to end of follow-up as of 31 December 2001 (3) or 2002 (13), whichever came first. Individuals with a diagnosis of schizophrenia, nonaffective/non-schizophrenic psychosis, and bipolar or severe depressive disorders diagnosed before the age of 16 years were excluded.
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Results
Size at birth and schizophrenia
Analyses based on 736 males and females with schizophrenia within the cohort including 719 476 study subjects showed no consistent evidence of associations of birth weight with schizophrenia (13). However, short babies were at an increased risk of schizophrenia and gestational age/prematurity did not confound associations of birth length with schizophrenia. Hazard ratio per 10 cm increase in birth length was 0.53 (95% confidence interval (CI): 0.31, 0.91). The hazard ratio for babies with a birth length of 53 cm or more was 0.66 (95% CI: 0.45, 0.96) compared with those with a birth length !49 cm corresponding to a 34% lower risk of schizophrenia (13) . These analyses were adjusted for sex, year of birth, gestational age, birth weight, operative delivery, parity, paternal age, Apgar score, place of birth, season of birth, family history of psychosis, and childhood socioeconomic position (13) .
Adult body size and schizophrenia
In analyses based on 300 males with schizophrenia from the cohort born between 1973 and 1980, height and BMI at the age of 18 years were inversely associated with risk of schizophrenia (hazard ratio for 10 cm increase in height: 0.81 (95% CI: 0.67, 0.97); hazard ratio for 5 unit increase in BMI: 0.78 (95% CI: 0.63, 0.97)). Small babies who went on to become tall or high BMI adults were not at increased risk of schizophrenia (13) . These analyses were adjusted for calendar year, age at conscription, family history of psychosis, father's age, municipality type and size, and level of education of both parents. Further adjustments for birth measures had very little impact on these associations. The inverse associations with height appeared to be most marked in short babies, the greatest risk being in short babies who remained small in adulthood (13) .
It is a possibility that some of the subjects developing schizophrenia after conscription had a sub-clinical or prodromal disease already at conscription, which may have changed their eating habits, physical activity patterns, and BMI. However, examination of associations with height and BMI were also repeated in subjects first admitted with schizophrenia after the initial 5-year period following conscription. In this restricted analyses, taller height and higher BMI at conscription were still associated with decreased risk of schizophrenia with effect sizes almost identical to those of the whole sample group (13).
Paternal age and schizophrenia
Proportional hazards regression analyses, with adjustment for a range of confounding factors described later, showed strong association between risk of schizophrenia and advancing paternal age (3). The hazards ratios were 2.32 (95% CI: 1.56, 3.44) for males and females whose fathers were 35-39 years old at time of conception, 2.08 (95% CI: 1.25, 3.46) for those whose fathers were 40-44 years old, 1.30 (95% CI: 0.56, 3.06) for those whose fathers were 45-49 years old, and 4.62 (95% CI: 2.28; 9.36) for those whose fathers were R50 years old at time of conception. The reference group comprised study subjects whose fathers were 21-24 years old at their conception. Factors taken into account in the analyses were sex, age, maternal age and parity, birth weight, birth length, gestational age, urban vs rural status of place of birth, season of birth, Apgar score at 1 and 5 min after birth, multiple birth, parental death in childhood, family history of schizophrenia, and highest annual income of either parent, highest socioeconomic index of either parent, and highest educational level of either parent.
Discussion
Methodological issues
This study has some limitations. First, the Inpatient Hospital Discharge Register is an administrative register and some underreporting of cases of schizophrenia is known to exist primarily because outpatient care is not covered (17) . However, in longitudinal studies, most cases of schizophrenia will appear in inpatient care. Due to the independent nature of any missing information in the Inpatient Hospital Discharge Register (diagnosis of schizophrenia) and the Military Service Conscription Register (height and weight), the net effect will be some degree of underestimation of the true associations. Secondly, data on BMI were only available from one time point (age of 18 years) and its patterns of longitudinal change are thus unknown. Thirdly, it is a limitation that schizophrenia could only be studied in young adults and that adult height and weight were only available for males. Therefore, no inferences could be made regarding possible consequences of short adult height and low adult BMI in women. Fourthly, BMI is an imperfect measure of body fatness, but nonetheless strongly correlated with other measures of body fatness (waist circumference and fat mass measured by dual energy X-ray absorptiometry, etc.).
However, this study also has several strengths. First, its very large size and population-based nature gave high statistical power to detect true associations. Secondly, the large number of cases of schizophrenia made it feasible to repeat the analyses after excluding subjects admitted to hospital because of schizophrenia within the initial 5-year period following conscription. It would therefore be too hasty to suspect that the inverse association between BMI and risk of schizophrenia appeared as an artifact due to early manifestations of schizophrenia, such as depressive mood and diminished appetite leading to weight loss. After these exclusions, the risk estimates (hazard ratios) were almost identical to estimates obtained from the full sample (13) . The BMI-schizophrenia association, therefore, cannot be explained by reverse causality.
Pre-and perinatal adversities, size at birth, growth in childhood, and schizophrenia
The meta-analysis of prospective population-based studies, briefly referred to above, revealed that three groups of complications were significantly associated with schizophrenia (5): (i) complications of pregnancy (bleeding, diabetes, rhesus incompatibility, and preeclampsia); (ii) abnormal fetal growth and development (low birth weight, congenital malformations, and reduced head circumference); and (iii) complications of delivery (uterine atony, asphyxia, and emergency Cesarean section). Pooled estimates of effect sizes were, however, generally small and less than two. Pre-and perinatal adversities and complications may occur in up to 25% of all pregnancies (5) depending on definition, and most children do not develop schizophrenia. Further, many individuals with schizophrenia have not been subjected to recognized obstetric complications. It is obvious that obstetric complications are neither necessary nor sufficient causal factors for schizophrenia (4) . It is noteworthy that the inverse association of birth weight with risk of schizophrenia reported by Cannon et al. (5) in 2002 is inconsistent with the findings of the large Swedish study reported in 2005, which showed no association of birth weight with schizophrenia (13) .
Levels of insulin-like growth factor-I (IGF-I) in cord blood have been found to be associated with size at birth (18) , and IGF-I serum levels have been reported to be associated with growth of legs and trunk from 5 to 10 years of age (19) . Evidence from animal research, suggests that growth hormone and IGF-I are important in neurodevelopment (20) , and may therefore potentially be physiological mediators of the association of short birth length with schizophrenia (21).
Genetic factors, body size, and schizophrenia
Height and BMI are to a large extent determined by genetic factors (22, 23) and twin studies and other family studies have consistently shown that genetic factors are important in the development of schizophrenia (24) . Genes coding for proteins, such as glutamic acid decarboxylase, IGF-I, neuroregulin 1, dysbindin, COMT, the dopamine D2 receptor, and the serotonin 5-HT2A receptor may potentially play a role in the pathogenesis of schizophrenia (2) . Genes coding for IGF-I are especially interesting because IGF-I seems to have a role in shaping synaptic connections or myelinization (2, 21, 25) . However, the cellular mechanisms and clinical relevance of these and other specific genes remain to be confirmed. It is possible that genetic predisposition to schizophrenia influences preand postnatal patterns of growth, which may explain the associations of body size with schizophrenia. It is an open question whether the association of birth length with schizophrenia reflects the effect of schizophrenia susceptibility genes that are closely linked with those influencing growth.
Paternal age and schizophrenia
Increased paternal age is associated with several diseases possibly due to age-associated increase in sporadic de novo mutations in male germ cells (3). The Swedish study showed a strong positive association of paternal age at conception with risk of schizophrenia in young adulthood (3) and confirms previous smaller studies of schizophrenia (26, 27) . The paternal ageschizophrenia association is stronger in those with no family history of schizophrenia, supporting the hypothesis that accumulating de novo mutations in the germ cells of older fathers could play an important role in the etiology of schizophrenia (3).
Concluding remark
Short length at birth, short height and low BMI in young adult males, and high paternal age at conception are risk factors for schizophrenia according to Swedish studies (3, 13) . While de novo mutations in paternal germ cells provide a reasonable or at least possible explanation for the paternal age-schizophrenia association, causal pathways explaining associations of size at birth and size in young adulthood with schizophrenia are largely unknown. However, since IGF-I is a major regulator of childhood growth (19) and is also influencing brain development in animal research (20) , an intriguing hypothesis for future research is that IGF-I serves as a biological link between childhood growth, body size in adulthood and schizophrenia.
